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PREFACE

The United States Air Force Summer Faculty Research Program
(USAF-SFRP) is designed to introduce university, college, and technical
institute faculty members to Air Force research. This is accomplished by
the faculty members being selected on a nationally advertised competitive
basis for a ten-week assignment during the summer intersession period to
perform research at Air Force laboratories/centers. Each assignment is

in a subject area and at an Air Force facility mutually agreed upon by
the faculty members and the Air Force. In addition to compensation,
travel and cost of living allowances are also paid. The USAF-SFRP is
sponsored by the Air Force Office of Scientific Research, Air Force
Systems Command, United States Air Force, and is conducted by Universal
Energy Systems, Inc.

The specific objectives of the 1988 USAF-SFRP are:

(N To provide a productive means for U. S. Faculty Members to
participate in research at Air Force Laboratories/Centers;

(2) To stimulate continuing professional association among the
Faculty and their professional peers in the Air Force;

(3) To further the research objectives of the United States Air
Force;

(4) To enhance the research productivity and capabilities of the
Faculty especially as these relate to Air Force technical

interests.

During the summer of 1988, 153-faculty members participated. These
researchers were assigned to 23 USAF laboratories/centers across the
country. This four volume document is a compilation of the final reports
written by the assigned faculty members about their summer research

efforts.
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PREFACE
N

\\*'The United States Air Force Summer Faculty Research Program
(USAF-SFRP) 1is designed to introduce university, college, and technical
institute faculty members to Air Force research. This is accomplished by
the faculty members being selected on a nationally advertised competitive
basis for a ten-week assignment during the summer intersession period to
perform research at Air Force laboratories/centers. Each assignment is
in a subject area and at an Air Force facility mutually agreed upon by
the faculty members and the Air Force. In addition to compensation,
travel and cost of living allowances are also paid. The USAF-SFRP is
sponsored by the Air Force Office of Scientific Research, Air Force
Systems Command, United States Air Force, and is conducted by Universal
Enefgy Systems, Inc.

~ == The specific objectives of the 1988 USAF-SFRP are:

M To provide a productive means for U. S. Faculty Members to

participate in research at Air Force Laboratories/Centers;

- (2) To stimulate continuing professional association among the
Faculty and their professional peers in the Air Force;

= (3) To further the research objectives of the United States Air
Force;
™ (4) To enhance the research productivity and capabilities of the
Faculty especially as these relate to Air Force technical
o .interests. ) CL”\vC“vC{( é\\r % RO NCU Ty v T
vt ro ﬂu'tFMI‘ztka’c L Rewedv o N e ot K,fl)

During the summer of 1988, 153~faculty members part%ﬁ1pated These 9\
researchers were assigned to 23 USAF laboratories/centers across the “\
country. This four volume document is a compilation of the final reports
written by the assigned faculty members about their summer research
efforts.




LIST OF 1988 PARTICIPANTS

NAME/ADDRESS

Dr. Ibrahim A. Ahmad
Professor and Director
Division of Statistics

Dept. of Math Sciences
Northern I1linois University
DeKalb, IL 60115

(815) 753-6739

Dr. Robert J. Arenz

Professor

Dept. of Mechanical Engineering
Gonzaga University

Spokane, WA 99258

(509) 328-4220

Dr. Lucia M. Babcock
Assistant Professor

Dept. of Chemistry
Louisiana State University
Choppin Hall

Baton Rouge, LA 70803
(504) 388-3239

Dr. Praphulla K. Bajpai
Professor

Dept. of Biology
University of Dayton
300 College Park
Dayton, OH 45469

(513) 229-3029

Dr. Stephen D. Baker
Professor

Dept. of Physics

Rice University
Houston, TX 77251-1892
(713) 527-8101

Dr. Pradip M. Bakshi
Research Professor

Dept. of Physics

Boston College

Chestnut Hi11, MA 02167
(617) 552-3585

DEGREE, SPECIALTY, LABORATORY ASSIGIiED

Degree:
Specialty:

Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

ii

Ph.D., Statistics, 1975

Statistics and Operations
Research

Armament Laboratory

Ph.D., Aeronautical Eng., 1964
Sol1id Mech.
Materials Laboratory

Ph.D., Chemistry, 1978
Gas Phase Ion-Molecule Chem.
Air Force Geophysics Lab.

Ph.D., Animal Physiology, 1965
Physiology and Biomaterials
Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Physics, 1963
Nuclear Physics
Air Force Geophysics Lab.

Ph.D., Theoretical Physics,
1962

Quantum Theory

Air Force Geophysics Lab.




NAME/ADORESS

Dr. Shankar S. Bale
Professor

Dept. of Science and Math
Saint Paul's University
Lawrenceville, VA 23868
(804) B848-3111

Mr. Beryl L. Barber

Assistant Professor

Dept. of Electronics Eng.
Ooregon Institute of Technology
3201 Campus Drive

Klamath Falls, OR 97601-8801
(503) 882-6890

Dr. Bryan R. Becker

Assistant Professor

Dept. of Aerospace Engineering
University of Missouri

600 West Mechanic
Independence, MO 64050-1799
(816) 276-1279

Dr. Reuben Benumof
Professor

Dept. of Applied Sciences
Colleqe of Staten Island
130 Stuyvesant P1.
Staten Island, NY
(718) 390-7973

10301

Mr. George N. Bratton

Associate Professor

Dept. of Math and Comp. Science
Austin State Peay State Univ.

P 0 Box 8343

Clarksville, TN 37044

(615) 648-7834

Dr. Dan R. Bruss

Assistant Professor

Dept. of Physical Sciences
Albany College of Pharmacy
106 New Scotland Avenue
Albany, NY 12208

(518) 445-7225

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degree:
Assigned:

Degqree:

Degree:
Assigned:

Degree:

Degree:

Ph.D., Genetics, 197
Toxicology-Cytogenetics
Harry G. Armstrong Aerospace
Medical Research Laboratory

MSEE, Electrical Eng., 1961
RF/Microwave Components
Rome Air Development Center

Ph.D., Eng. Science, 1979
Computational Fluid Dynamics
Aero Propulsion Laboratory

Ph.D., Physics, 1945
Semiconductor Physics
Air Force Geophysics Lab.

Ed.D., Mathematics Ed., 1977
Statistics
Electronics Systems Division

Ph.D., Chemistry, 1985
Physical QOrganic Chemistry
Frank J. Seiler Research Lab.




NAME/ADDRESS

Or. Ronald Bulbulian

Associate Professor

Dept. of Health, Physical
Education and Recreation
Unijversity of Kentucky

Seaton 100

Lexington, KY 40506
(606) 257-7904

Dr. Charles M. Bump
Assistant Professor
Dept. of Chemistry
Hampton University
P 0 Box 6483
Hampton, VA 23668
(804) 727-5330

Or. John A. Burke, Jr.
Professor

Dept. of Chemistry
Trinity University

715 Stadium Drive

San Antonio, TX 78284
(512) 736-7316

Mr. Mike Burlakoff

Assistant Professor

Dept. of Computer Science
Southwest Missouri State Univ.
901 S. National

Springfield, MO 65804

(417) 836-5930

Dr. Larry W. Byrd

Assistant Professor

Dept. of Mechanical Engineering
Arkansas State University

P 0 Box 1080

State University, AR 72467-1080
(501) 972-3421

Or. Clarence Calder

Associate Professor

Dept. of Mechanical Engineering
Oregon State University
Corvallis, OR 97331

(503) 754-2427

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Deqree:
Specialty:

iv

Ph.D., Physiology, 1980
Exercise Physiology
School of Aerospace Medicine

Ph.D. Organic Chemistry, 1979
Organic Synthesis
Frank J. Seiler Research Lab.

Ph.D., Chemistry, 1963
Inorganic Compounds
School of Aerospace Medicine

MS., Math, Computer Sci., 1965
Computer Science
Avionics Laboratory

Ph.D., Mechanical Eng., 1984
Mechanical Engineering
Flight Dynamics Laboratory

Ph.D., Mechanical Eng., 1969
Stress Wave Propagation
Astronautics Laboratory




NAME/ADORESS

Dr. Richard T. Carlin
Assistant Professor
Dept. of Chemistry
Polytechnic University
333 Jay St.
8rooklyn, NY
(718) 260-3339

11201

Dr. Gene 0. Carlisle
Professor

Dept. of Chemistry and Physics
West Texas State University
Canyon, TX 79016

(806) 656-2282

Dr. Patricia Carlson
Professor

Dept. of Humanities
Rose-Hulman Institute of Tech.
5500 Wabash

Terre Haute, IN 47803

(812) 877-1511

Dr. David R. Cecil
Professor

Dept. of Mathematics
Texas A&I University
Campus Box 172
Kingsville, TX 78363
(512) 592-1839

Dr. Wayne A. Charlie
Associate Professor

Dept. of Civil Engineering
Colorado State University
Fort Coliins, CO 80523
(303) 491-8584

Dr. Steven C. Chiesa
Assistant Professor

Dept. of Civil Engineering
Santa Clara University
Santa Clara, CA 95053
(408) 554-4697

OEGREE, SPECIALTY, LABORATORY ASSIGNED

Deqree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Ph.D., Chemistry, 1983
Inorganic Chemistry
Frank J. Seiler Research Lab.

Ph.D., Inorganic Chem., 1969
Coordination Chemistry

Materials Laboratory

Ph.D., Language & Lit., 1973
Document Design

Human Resources Laboratory:
Logistics & Human Factors Div.

Ph.D., Mathematics, 1962
Algebra (Finite Fields)
Wilford Hall Medical Center

Ph.D., Civil Engineering, 1975
Geotechnical Engineering
Engineering & Services Center

Ph.D., Civil Eng., 1982
Biological Waste Treatment
Occupational and Environment
Health (aboratory




NAME/ADDRESS

Dr. Karen C. Chou
Associate Professor

Dept. of Civil Engineering
Syracuse University
Syracuse, NY 13244-1190
(315) 423-3314

Dr. Phillip A. Christiansen
Associate Professor

Dept. of Chemistry

Clarkson University
Potsdam, NY 13676

(315) 268-4099

Dr. Keith A. Christianson
Assistant Professor

Dept. of Electrical Engineering
University of Maine

Orono, ME 04469

(207) 581-2244

Dr. Mingking K. Chyu
Assistant Professor

Dept. of Mechanical Eng.
Carnegie Mellon University
Pittsburgh, PA 15213
(412) 268-3658

Or. Jerry D. Clark
Assistant Professor
Dept. of Physics

Wright State University
248 Fawcett Hall
Dayton, OH 45435

(513) 426-3917

Or. Lane Clark

Assistant Professor
Dept. of Mathematics
University of New Mexico
Albuquerque, NM 87106
(505) 217-2104

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Vi

Ph.D., Structural Eng., 1983
Structural Engineering
F1ight Dynamics Laboratory

Ph.0., Physical Chem., 1978
Physical Chemistry
Astronautics Laboratory

Ph.D., Materials Science and
Engineering, 1985
Electronic Materials

Rome Air Development Center

Ph.D., Heat Transfer, 1986
Heat Transfer
Aero Propulsion Laboratory

Ph.D., Physics, 1982
Atomic Physics
Aero Propulsion Laboratory

Ph.D., Mathematics, 1980
Graph Theory
Weapons Laboratory




NAME/ADDRESS

Dr. Donald F. Collins
Faculty in Physics
Dept. of Physics
Warren Wilson College
Swannanoa, NC 28778
(704) 298-3325

Or. Susan T. Collins
Assistant Professor

Dept. of Chemistry
California State University
18111 Nordhoff Street
Northridge, CA 91330

(818) 885-3367

Dr. Charles D. Covington
Assistant Professor

Dept. of Electrical Engineering

University of Arkansas

Bell Engineering Center 3217
Fayetteville, AR 72701
(501) 575-6583

Dr. Parvis Dadras

Professor

Dept. of Mech. Systems Eng.
Wright State University
Dayton, OH 45435

(513) 873-2944

Dr. John F. Dalphin
Professor

Dept. of Computer Science
Towson State University
Baltimore, MD 21204
(301) 321-3701

Mr. Darin S. DeForest
Research Associate

Dept. of Computer Science
Arizona State University
Tempe, AZ 85287

(602) 965-3664

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degqree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Oegree:
Specialty:
Assigned:

Deqree:
Specialty:
Assigned:

Ph.D., Physics, 1970
Optics, Image Processing
Air Force Geophysics Lab.

Ph.D., Physical Chem., 1981
Matrix Isolation Spectroscopy
Astronautics Laboratory

Ph.D., Electrical Eng., 1984
Digital Signal Processing

Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Mechanical Eng., 1972
Mechanics of Materials
Materials Laboratory

Ph.D., Mathematics, 1973
Computer Science
Electronics Systems Division

B.Sc., Computer Science, 1984
Programming Language Design
Rome Air Development Center




NAME/ADDRESS

Or. David H. DeHeer
Associate Professor
Dept. of Biology

Calvin College

3207 Burton Street, S.E.
Grand Rapids, MI 49506
(616) 957-6083

Dr. Eustace L. Dereniak
Associate Professor
Dept. of Optical Science
University of Arizona
528 N. Martin

Tucson, AZ 85719

(602) 621-1019

Prof. Paul T. Dingman
Assistant Professor

Dept. of Electronics Eng. Tech.

Oregon Institute of Technology
3201 Campus Drive

Klamath Falls, OR 97601-8801
(503) 882-6890

Or. David A. Dolson
Assistant Professor
Dept. of Chemistry
Murray State University
Murray, KY 42071

(502) 762-4490

Dr. Hugh K. Donaghy

Assistant Professor

Dept. of Computer Science
Rochester Inst. of Technology
1 Lomh-Memorial Drive
Rochester, NY 14623

(716) 475-2994

Dr. Stephen J. Dow

Assistant Professor

Dept. of Math and Statistics
Univ. of Alabama in Huntsville
Huntsville, AL 35899

(205) 895-6252

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

viii

Ph.0., Molecular Biology, 1972
Molecular Biology
Engineering & Services Center

Ph.D., Optics, 1976
Infrared Physics

Arnold Engineering
Development Center

MSEE., Electrical Eng., 1974
Digital, Microprocessors
Rome Air Development Center

Ph.D., Physical Chem., 1981
Laser Spectroscopy
Weapons Laboratory

Ph.D., Philosophy, 1972
Natural Lanquage Processing
Rome Air Development Center

Ph.D., Mathematics, 1982
Discrete Mathematics
Armament Laboratory




NAME/ADDRESS

Or. Derek Dunn-Rankin

Assistant Professor

Dept. of Mechanical Engineering
University of California

616 Engineering

Irvine, CA 92717

(714) 854-0460

Dr. Deanna S. Durnford
Assistant Professor

Dept. of Agric. & Chem. Eng.
Colorado State University
Ft. Collins, CO 80523

(303) 491-5252

Dr. Suren N. Dwivedi
Associate Professor

Dept. of Mechanical Eng.
University of North Carolina
Charlotte, NC 28223

(704) 547-2303

Dr. Wayne A. Eckerle
Associate Professor

Dept. of Mech. & Ind. Eng.
Clarkson University
Potsdam, NY 13676

(315) 268-2203

Dr. J. Kevin Ford
Assistant Professor

Dept. of Psychology
Michigan State University
East Lansing, MI 48824
(517) 353-5006

Prof. Michael E. Frantz
Assistant Professor

Dept. of Math and Physics
University of LaVerne
1950 Third Street
LaVerne, CA 91750

(714) 593-3511

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degqree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:

Degree:
Assigned:

Degree:
Assigned:

ix

Ph.D., Mechanical Eng., 1985
Laser Diagnostics (combustion)
Aero Propulsion Laboratory

Ph.D., Civil Eng., 1982
Groundwater
Engineering & Services Center

Ph.D., Engineering, 1976
Material Processing
Materials Laboratory

Ph.D., Fluid Mech., 1985
Experimental Fluid Mechanics
Aero Propulsion Laboratory

Ph.D., Philosophy, 1983
Industriai/Organ. Psychology
Human Resources Laboratory:
Training Systems

M.S., Mathematics, 1978
Partial Differential Equations
Air Force Geophysics Lab.




NAME/ADDRESS

Or. Barry K. Fussell

Assistant Professor

Dept. of Mechanical Engineering
University of New Hampshire
Kingsbury Hall

Durham, NH 03824

(603) 862-1352

Dr. Hugh. P. Garraway, III
Associate Professor

Dept. of Computer Science
Univ. of Southern Mississippi
Box 5106

Hattiesburg, MS 39406

(601) 266-4949

Dr. Christopher P. Godfrey
Assistant Professor

Dept. of Computer Science
Missouri Western State College
4525 Oowns Orive

St. Joseph, MO 64507

(816) 271-4372

Or. Barry P. Goett]
Assistant Professor
Dept. of Psychology
Clemson University

108 Brackett Hall
Clemson, SC 29634-1511
(803) 656-2831

Dr. Gerald W. Grams

Professor

School of Geophysical Sciences
Georgia Tech.

Atlanta, GA 30332

(404) 894-3628

Or. Edward K. Greenwald
Assistant Professor
Engineering Professional Dev.
Univ. of Wisconsin-Madison
432 N. Lake Street

Madison, WI 53706

(608) 262-0573

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Ph.D., Mechanical Eng., 1987
Systems Modeling & Controls
Materials Laboratory

Ph.D., Instruc. Tech., 1980
Computer Based Learning
Human Resources Laboratory:
Training Systems

Ph.D., Physics, 1982
High Energy Astrophysics
Air Force Geophysics Lab.

Ph.D., Psychology, 1987
Engineering Psychology
Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Meteorology, 1966
Atmospheric Physics
Avionics Laboratory

Ph.D., Physics, 1967
Electrical Engineering
Engineering & Services Center




NAME/ADDRESS

Prof. William M. Grissom
Assistant Professor
Dept. of Physics
Morehouse College

830 Westview Dr., S.W.
Atlanta, GA 30314

(404) 681-2800

Or. David A. Grossie
Assistant Professor
Dept. of Chemistry
Wright State University
Dayton, OH 45435

(513) 873-2210

Dr. Vijay K. Gupta
Professor

Dept. of Chemistry
Central State University
Wilberforce, OH 45384
(513) 376-6423

Dr. Awatef Hamed

Dept. of Aerospace Eng.
University of Cincinnati
Mail Location 70
Cincinnati, OH 45221
(513) 475-5630

Dr. Albert A. Heaney
Professor

Dept. of Electrical Eng.
California State University
Shaw & Cedar Avenues
Fresno, CA 93740-0094
(209) 294-4823

Dr. David Hemmendinger

Assistant Professor

Dept. of Compt. Sci. & Eng.

Wright State University
Research Bldg.

317 Research Blvd.

Kettering, OH 45420

(513) 259-1345

ﬁ

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degree:
Assigned:

Degree:
Assigned:

Degree:

Degree:
Specialty:
Assigned:

Degree:

xi

M.S.E., Mechanical Eng., 1978
Combustion Diagnostics

Arnold Engineering
Development Center

Ph.D., Chemistry, 1982
X-ray Crystallography
Materials Laboracory

Ph.D., Chemistry, 1969
Physical Chemistry
Materials Laboratory

Ph.D., Engineering, 1972
Engineering
Flight Dynamics Laboratory

Ph.0., Electrical Eng., 1972
Computer Engineering
Eastern Space Missile Center

Ph.D., Philosophy, 1973
Logic Programming
Avionics Laboratory




NAME/ADDRESS

Dr. Bennye S. Henderson
Associate Professor
Dept. of Biology

Jackson State University
1325 Lynch Street
Jackson, MS 39217

(601) 968-2586

Or. Darrell E.P. Hoy
Assistant Professor

Dept. of Mechanical Eng.
Tennessee Technological Univ.
Box 5014

Cookeville, TN 38505

(615) 372-3732

Dr. Manuel A. Huerta
Professor

Dept. of Physics
University of Miami

P O Box 248046

Coral Gables, FL 33124
(305) 284-2323

Dr. Randolph B. Huff
Professor

Dept. of Chemistry
Presbyterian College
Clinton, SC 29325
(803) 833-2820

Or. Neil J. Hutzler
Associate Professor

Dept. of Civil Engineering
Michigan Tech. University
Houghton, MI 49931

(906) 487-2194

Dr. Douglas E. Jackson
Professor

Dept. of Math Sciences
Eastern New Mexico University
Portales, NM 88130

(505) 562-2367

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xii

Ph.D., Physiology, 1979
Physiology
School of Aerospace Medicine

M.S.E., Mechanical Eng., 1985
Ballistic Impact Shocks
Arnold Engineering
Development Center

Ph.D., Physics, 1970
Plasma Physics
Armament Laboratory

Ph.D., Inorganic Chem., 1969
Physical-Inorganic Chemistry
Occupational and Environment
Health Laboratory

Ph.D., Environmental Eng.,
1978

Environmental Engineering
Engineering & Services Center

Ph.D., Mathematics, 1969
Math/Statistical Information
Human Resources Laboratory:
Manpower & Personnel Division




NAME/ADDRESS

Dr. Oleg G. Jakubowicz
Assistant Professor

Dept. of Elect. & Compt. Eng.
State University of New York
238 Bell Hall

Buffalo, NY 14260

(716) 636-2406

Dr. Manjit S. Jawa

Professor

Dept. of Mathematics
Fayetteville State University
Fayetteville, NC 28301

(919) 486-1675

Dr. David W. Jensen

Assistant Professor .

Dept. of Aerospace Eng.
Pennsylvania State University
233N Hammond Bldg.
University Park, PA
(814) 863-1077

16802

Dr. Eric R. Johnson
Associate Professor
Dept. of Chemistry
Ball State University
Muncie, IN 47306
(317) 285-8078

Dr. William M. Jordan
Assistant Professor

Dept. of Mech. & Indus. Eng.
Lousiana Tech. University

P 0 Box 10348

Ruston, LA 71272

(318) 257-4304

Or. Mohammad A. Karim
Assistant Professor
Dept. of Electrical Eng.
University of Dayton
KL-241D

Dayton, OH 45469

(513) 229-3611

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Assigned:

Degree:
Specialty:
Assigned:

xiii

Ph.D., Physics, 1984
Neural Nets
Rome Air Development Center

Ph.D., Applied Math., 1967
Applied Mathematics
Arnold Engineering
Development Center

Ph.D., Structures Tech., 1986
Advanced Composite Materials
Astronautics Laboratory

Ph.D., Biochemistry, 1974
Protein Biochemistry
School of Aerospace Medicine

Ph.D., Intersiciplinary
Eng., 1985

Composite Materials

Weapons Laboratory

Ph.0., Electrical Eng., 1982
Electro-Optics
Avionics Laboratory




NAME/ADDRESS

Dr. Arkady Kheyfets
Assistant Professor

Dept. of Mathematics

North Carolina State Univ.
Box 8205

Raleigh, NC 27695-8205
(919) 737-3265

Prof. Daisy W. Kimble
Assistant Professor
Dept. of Chemistry
Southern University

P 0 Box 11487

Baton Rouge, LA 70813
(504) 771-3734

Dr. Yulian B. Kin
Associate Professor

Dept. of Engineering
Purdue University Calumet
Potter Building

Hammond, IN 46323

(219) 989-2684

Dr. Samuel P. Kozaitis
Assistant Professor

Dept. of Electrical Eng.
Florida Institute of Tech.
Melbourne, FL 32901-6988
(305) 768-8000

Dr. Janet U. Kozyra
Assistant Research Scientist
University of Michigan

Space Physics Research Lab.
2455 Hayward
Ann Arbor, MI
{313) 747-3550

48109-2143

Dr. Charles £. Lance
Assistant Professor
Dept. of Psychology
University of Georgia
Athens, GA 30602
(404) 542-3053

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Ph.D., Physics, 1986
Mathematical Physics
Weapons Laboratory

M.S., Analytical Chem., 1986
Analytical Chemistry
School of Aerospace Medicine

Ph.D., Fatigue Stress Analysis
1971

Stress Analysis

Flight Dynamics Laboratory

Ph.D., Electrical Eng, 1986
Optics, Computer Architecture
Rome Air Development Center

Ph.D., Atmospheric Sci., 1986
Space Physics
Air Force Geophysics Lab.

Ph.D., Psychology, 1985
Industrial/Organizational Psy.
Human Resources Laboratory:
Manpower & Personnel Division




NAME/ADDRESS

Dr. Thomas L. Landers

Assistant Professor

Dept. of Industrial Engineering
University of Arkansas

4176 Bell Engineering Ctr.
Fayetteville, AR 72703

(501) 575-6042

Prof. Anastas Lazaridis
Assistant Professor
Dept. of Mechanical Eng.
Widener University
Chester, PA 19013

(215) 499-4487

Dr. L. James Lee
Associate Professor

Dept. of Chemical Eng.
The Ohio State University
140 W. 19th Avenue
Columbus, OH 43210

(614) 292-2408

Or. Robert Y. Li
Assistant Professor
Dept. of Electrical Eng.
University of Nebraska
Lincoln, NE 68588

(402) 472-5892

Dr. Irving Lipschitz
Associate Professor
Dept. of Chemistry
University of Lowell
1 University Lane
Lowell, MA 01854
(617) 452-5000

Or. Harold G. Longbotham
Visiting Assistant Professor
Dept. of Electrical Eng.
Univ. of Texas - San Antonio
San Antonio, TX 78285

(512) 691-5518

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Oegree:
Assigned:

Degree:
Assigned:

Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assiqned:

Degree:
Specialty:
Assigned:

XV

Ph.D., Industrial Eng., 1985
Reliability & Maintainability
Human Resources Laboratory:
Logistics & Human Factors Div.

Sc.D., Thermal fFluids, 1969
Ablation, Solar Energy
Armament Laboratory

Ph.0., Chemical Eng., 1979
Polymer & Composite Processing
Materials Laboratory

Ph.D., Electrical Eng., 1981
Image Processing
Avionics Laboratory

Ph.D., Physical Chem., 1965
Vibrational Spectroscopy
Air Force Geophysics Lab.

Ph.D., Electrical Eng., 1985
Nonlinear Digital Filtering
School of Aerospace Medicine




NAME/ADDRESS

Dr. David A. Ludwig
Assistant Professor
Dept. of Mathematics
Univ. of North Carolina
at Greensboro
Greensboro, NC 27412
(919) 334-5836

Or. Douglas A. Mandra
Associate Professor
Dept. of Psychology
Francis Marion College
P 0 Box 7500

Florence, SC 29501
(803) 661-1378

Dr. Robert E. Masingale, Sr.
Professor

Dept. of Chemistry

Jarvis Christian College
Hawkins, TX 75765

(214) 769-2174

Dr. John P. McHugh
Assistant Professor

Dept. of Mechanical Eng.
University of New Hampshire
133 Kingsbury

Durham, NH 03824

(603) 862-1899

Dr. Michael L. McKee
Associate Professor
Dept. of Chemistry
Auburn University
Auburn, AL 36849-5312
(205) 826-4043

Dr. Thomas T. Meek

Associate Professor

Dept. of Materials Sci. & Eng.
University of Tennessee

434 Dougherty Engineering Bldg.
Knoxville, TN 37966-2200

(615) 970-0940

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Xvi

Ph.D., Biostatistics, 1982
Biostatistics, Exp. Design
School of Aerospace Medicine

Ph.D., Psychology, 1974
Experimental Psychology
Human Resources Laboratory:
Operations Training Division

Ph.D., Organic Chemistry, 1968
Organic & Analytical Chemistry
Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Applied Mechanics, 1986
Fluid Mechanics
Air Force Geophysics Lab.

Ph.D., Chemical Physics, 1977
Molecular Orbital Theory
Frank J. Seiler Research Lab.

Ph.D., Ceramic Eng., 1977
Ceramic Processing
Materials Laboratory




NAME/ADDRESS

Dr. Tammy J. Melton
Assistant Professor
Dept. of Chemistry
St. Norbert College
DePere, WI 54115
{414) 337-3206

Dr. Carolyn W. Meyers
Assistant Professor

Dept. of Mechanical Eng.
Georgia Inst. of Technology
School of Mechanical Eng.
Atlanta, GA 30332

(404) B894-3264

Dr. David W. Mikolaitis
Assistant Professor

Dept. of Engineering Sciences
University of Florida

231 Aero

Gainesvillie, FL 32611

(904) 392-0961

Dr. Kwang S. Min

Professor

Dept. of Physics

East Texas State University
Commerce, TX 75428

(214) 885-5483

Dr. Joseph J. Molitoris
Professor

Dept. of Physics
Muhlenberg College
Allentown, PA 18104
(215) 821-3413

Mr. Augustus Morris
Instructor

Dept. of Manufacturing Eng.
Central State University
Wilberforce, OH 45384
(513) 376-6435

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xvii

Ph.D., Inorganic Chem., 1986
Inorganic Synthesis
Frank J. Seiler Research Lab.

Ph.D., Physical Metallurgy,
1984

Microstructure

Engineering & Services Center

Ph.D., Theoretical & Applied
Mechanics, 1981

Applied Math

Armament (aboratory

Ph.D., Physics, 1962
Signal Processing
Armament Laboratory

Ph.D., Physics, 1985
Nuclear Physics
Armament Laboratory

B.S., Biomedical Eng., 1981
Biomedical Engineering
Flight Dynamics Laboratory




NAME/ADDRESS

Dr. William P. Mounfield
Assistant Professor
Dept. of Mechanical Eng.

Louisiana State University

R2513-A CEBA Bldg.

Baton Rouge, LA 70803-6413

(504) 388-6488

Dr. Nanda L. Mukherjee
Associate Professor
Dept. of Chemical Eng.
Tuskegee University
Tuskegee, AL 36088
(205) 727-8050

Dr. Richard S. Myers
Professor

Dept. of Physical Sciences
Delta State University

P 0 Box 3255

Cleveland, OH 38733

(601) 846-4482

Or. Himanshoo V. Navangul
Professor

Dept. of Chemistry and
Physical Science

North Carolina Wesleyan College

Wesleyan Station
Rocky Mount, NC 27804
(919; 977-117N

Dr. Mark A. Norris
Assistant Professor

Dept. of Mechanics
virginia Polytechnic Inst.
and State University

227 Norris Hall
Blacksburg, VA 24061
(703) 961-4576

Or. Mufit H. Ozden
Assocjate Professor

Dept. of Systems Analysis
Miami University

2303 Kreger Hall

Oxford, OH 45056

(513) 529-5937

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xviii

Ph.D., Mechanical Eng., 1985
Automatic Controls
Engineering & Services Center

Ph.D., Chemical Eng., 1967
Kinetics
Flight Oynamics Laboratory

Ph.D., Physical Chem., 1968
Experimental Physical Chem.
Engineering & Services Center

Ph.D., Physical Chem., 1967
Molecular Spectroscopy
Air Force Geophysics Lab.

Ph.D., Eng. Mechanics, 1986
Structural Dynamics & Controls
Astronautics Laboratory

Ph.D. Eng. Systems, 1975
Operations Research

Human Resources Laboratory:
Logistics & Human Factors Div.




NAME/ADDRESS

Prof. Martin A. Patt
Associate Professor
Dept. of Electrical Eng.
University of Lowell

1 Unijversity Ave.
Lowell, MA 01854

(617) 452-5000

Dr. David G. Payne
Assistant Professor
Dept. of Psychology
SUNY Binghamton
Binghamton, NY
(607) 777-4610

13901

Dr. wWilliam Z. Plachy
Professor

Dept. of Chemistry & Biochem.
San Francisco State University
San Francisco, CA 94132

(415) 338-1436

Dr. Patricia L. Plummer
Professor

Dept. of Physics & Chemistry
Columbia Univ. of Misscuri
Columbia, NC 65211

(314) 882-3053

Dr. Leonard E. Porter
Professor

Dept. of Physics & Astronomy
University of Montana
Missoula, MT 59812

(406) 243-6223

Dr. Ramalingam Radhakrishnan
Assistant Professor

Dept. of Civil Engineering
Prafrie View A&M University
Prairie View, TX 77084
(409) 857-2418

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

xix

M.S., Electrical Eng., 1964
Computer Applications
Air Force Geophysics Lab.

Ph.D., Cognitive Psy., 1984
Human Memory

Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Physical Chem., 1967
Physical Chemistry
School of Aerospace Medicine

Ph.D., Chemical Physics, 1964
Quantum Chemistry
Frank J. Seiler Research Lab.

Ph.D., Nuclear Physics, 1965
Nuclear Physics
Weapons Laboratory

Ph.D, Structure Eng., 1974
Structures
Engineering & Services Center




NAME/ADDRESS

Or. Periasamy K. Rajan
Professor

Dept. of Electrical Eng.
Tennessee Tech. University
Box 5004

Cookeville, TN 38505
(615) 372-3308

Dr. Panapakkam A. Ramamoorthy
Associate Professor

Dept. of Elect. & Computer Eng.
University of Cincinnati

M.L. #30

Cincinnati, OH 45220

(513) 475-4247

Dr. Dharam S. Rana

Associate Professor

Dept. of Management & Marketing
Jackson State University

1400 J.R. Lynch

Jackson, MS 39217

(601) 968-2534

Dr. Sunita S. Rana
Instructor

Dept. of Computer Science
Jackson State University
1400 Lynch Street
Jackson, MS 39217

(601) 968-2105

Dr. Hal C. Reed
Associate Professor
Dept. of Biology

Oral Roberts University
1777 S. Lewis

Tulsa, OK 7417

(918) 495-6945

Or. Michael D. Rice
Associate Professor

Dept. of Computer Science
George Mason University
4400 University Or.
Fairfax, VA 22030

(703) 323-3884

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

XX

Ph.D., Electrical Eng., 1975
Digital Signal Processing
Avionics Laboratory

Ph.D., Digital Signal
Processing, 1977

Optical Memory

Avionics Laboratory

Ph.D., Statistics, 1976
Quantitative Techniques

Human Resources Laboratory:
Manpower & Personnel Division

Ph.D., Biology, 1969
Computer Science

Human Resources Laboratory:
Training Systems

Ph.D., Entomology, 1982
Insect Behavior
School of Aerospace Medicine

Ph.D., Mathematics, 1973
Computer Science/Math
Weapons Laboratory




NAME/ADDRESS

Dr. Mateen M. Rizki
Assistant Professor

Dept. of Computer Science
Wright State University
410 Fawcett Hall

Dayton, OH 45435

(513) 873-2394

Or. Thomas R. Rogge
Professor

Dept. of Eng. Science & Math
Iowa State University

3015 8lack Eng.

Ames, TIA 50010

(515) 294-2956

Dr. Joe M. Ross
Assistant Professor
Dept. of Chemistry
Central State University
Wilberforce, OH - 45384
(513) 376-6214

Dr. Joseph E. Saliba

Assistant Professor

Dept. of Civil & Engr. Mechanics
University of Dayton

300 College Park

Dayton, OH 45469

(513) 229-3847

Dr. Dhiraj K. Sardar
Assistant Professor

Dept. of Physics

University of Texas

Div. of Earth & Physical Sci.
San Antonio, TX 78285-0663
(512) 691--5462

Prof. Sonia H. Sawtelle
Teaching Associate

Dept. of Education

Univ. of Texas - San Antonio
San Antonio, TX 78285

(512) 691-4412

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Qegree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

XXi

Ph.D., Computer Science, 1985
Modeling and Simulation
Avionics Laboratory

Ph.D., Applied Math, 1964
Finite Element Analysis
School of Aerospace Medicine

Ph.D., Molecular Bio., 1977
Biochemistry of Macromolecules
School of Aerospace Medicine

Ph.D., Solid Mechanics, 1983
Engineering Mechanics

Harry G. Armstrong Aerospace
Medical Research Laboratory

Ph.D., Physics, 1980
Materials Science & Lasers
School of Aerospace Medicine

MS., Exercise Physiology, 1975
Exercise Physiology
School of Aerospace Medicine




NAME/ADDRESS

Dr. Paul 0. Scheie
Professor

Dept. of Physics

Texas Lutheran College
1000 West Court
Seguin, TX 78155
(512) 379-4161

Dr. James L. Schmutz
Professor

Dept. of Chemistry
Central Wesleyan College
1 Wesleyan Drive
Central, SC 29630

(803) 639-2453

Dr. Jodye I. Selco
Assistant Professor
Dept. of Chemistry
University of Redlands

P 0 Box 3080

Redlands, CA 92373-0999
(714) 793-2121

Dr. Shawky E. Shamma
Professor
Dept. of Math/Statistics

University of West Florida

Pensacola, FL 32514
(904) 474-2281

Or. Rameshwar P. Sharma
Associate Professor

Dept. of Mechanical Engineering
Western Michigan University

2065 Kohrman Hall
Kalamazoo, MI 49008
(616) 383-1408

Dr. Larry R. Sherman
Professor

Dept. of Chemistry
University of Akron
Akron, OH 44325-0001
(216) 375-7333

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assiqned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Degree:
Specialty:
Assigned:

xx19§

Ph.D., Biophysics, 1965
Electrophysiology
School of Aerospace Medicine

Ph.D., Chemistry, 1976
Inorganic Polymers
Frank J. Seiler Research Lab.

Ph.D., Chemical Physics, 1983
Spectroscopy, Kinetics
Astronautics Laboratory

Ph.D., Appliied Math, 1969
Applied Mathematics
Armament Laboratory

Ph.D., Mechanical Eng., 1978
Fluid Mechanics
Astronautics Laboratory

Ph.D., Analytical Chem., 1969
Organotin Chemistry
Occupational and Environment
Health Laboratory




NAME/ADDRESS

Dr. James A. Sherwood
Assistant Professor

Dept. of Mechanical Eng.
University of New Hampshire
Kingsbury Hall

Durham, NH 03824

(603) 862-2624

Dr. Sanford S. Singer
Professor

Dept. of Chemistry
University of Dayton
300 College Park
Dayton, OH 45469
(513) 229-2833

Dr. Trilochan Singh
Professor

Dept. of Mechanical Eng.
Wayne State University
Detroit, MI 48202

(313) 577-3845

Or. Jorge L. Sintes

Chairman

Dept. of Preventive Dentistry
and Community Health

Meharry Medical College

1005 D.B. Todd Blvd.
Nashville, TN 37208

(615) 327-6185

Dr. Kenneth M. Sobel

Associate Professor

Dept. of Electrical Engineering
The City College of New York
138th St. & Convent Ave.

New York, NY 1310031

(212) 690-4241

Dr. Jonathan M. Spector
Assistant Professor

CSIsS

Jacksonville State University
Pelham Road

Jacksonville, AL 36265

(205) 231-5718

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: Ph.D., Aerospace Eng., 1987
Specialty: Solid Mechanics
Assigned: Flight Dynamics Laboratory

Degree: Ph.D., Biological Chem., 1967

Specialty: Enzymology

Assigned: Harry G. Armstrong Aerospace
Medical Research Laboratory

Degree: Ph.D., Mechanical Eng., 1970
Specialty: Chemical Combustion
Assigned: Astronautics Laboratory

Degree: Ph.D., Nutrition, 1978

Specialty: Dentistry
Assigned: Wilford Hall Medical Center

Degree: Ph.D., Electrical Eng., 1980
Specialty: Eigenstructure
Assigned: Flight Dynamics Laboratory

Degree: Ph.D., Philosophy, 1978

Specialty: Logic

Assigned: Human Resources Laboratory:
Training Systems Division

xxiii




NAME/ADDRESS

Dr. Gary R. Stevens
Assistant Professor

Dept. of Statistics
Oklahoma State University
301 MS

Stillwater, 0K 74078
(405) 624-5684

Dr. Patrick J. Sweeney
Asst. Dean of Engineering
University of Dayton

300 College Park, KL201
Dayton, OH 45469

(513) 229-2736

Dr. Michael Sydor
Professor

Dept. of Physics
University of Minnesota
Duluth, MN 55812

(218) 726-7205

Or. Oouglas G. Talley
Assistant Professor

Dept. of Mechanical Eng.
University of Michigan
313 Automotive Lab

Ann Arbor, MI 48109-2121
(313) 936-0429

Or. David J. Townsend
Associate Professor

Dept. of Psychology
Montclair State College
Upper Montclair, NJ 07042
(201) 893-7222

Or. Donald R. Ucci
Associate Professor

Dept. of Elect. & Computer Eng.

I11inois Inst. of Technology
3300 S. Federal

Chicago, IL 60616

(312) 567-3405

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

XXiv

Ph.D., Statistics, 1986
Stochastic Processes
Occupational and Environment
Health Laboratory

Ph.D., Mechanical Eng., 1977
Computer Modeling
Flight Dynamics Laboratory

Ph.D., Physics, 1965
Optics, Material Science
Materials Laboratory

Ph.D., Mechanical Eng., 1978
Combustion
Aero Propulsion Laboratory

Ph.D., Cognitive Psy., 1982
Cognitive Science
Rome Air Development Center

Ph.D., Electrical Eng., 1986
Adaptive Arrays
Rome Air Development Center




NAME/ADDRESS

Dr. Ahmad 0. VakiTli

Associate Professor

Dept. of AE/ME

Univ. of Tennessee Space Inst.
Tullahoma, TN 37388

(615) 455-0631

Dr. Richard S. Valpey
Assistant Professor
Dept. of Chemistry
Wilberforce University
Wilberforce, OH 45384
(513) 376-2911

Dr. Peter J. Walsh

Professor

Dept. of Physics

Fairleigh Dickinson University
Teaneck, NJ 07666

(201) 692-2493

Dr. Kenneth L. Walter
Associate Professor

Dept. of Chemical Engineering
Prairie View AM University
Prairie View, TX 77446

(409) 857-28217

Dr. Gwo-Ching Wang
Associate Professor

Dept. of Physics

Rensselaer Polytechnic Inst.
Troy, NY 12180-3590

(518) 276-8387

Dr. Andrew P. Whipple
Associate Professor
Dept. of Biology
Taylor University
Upland, IN 46989
(317) 998-5333

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Deqree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Assigned:

Deqree:
Assigned:

XXv

Ph.D., Aerospace Eng., 1978
Unsteady Flows

Arnold Engineering
Development Center

Ph.D., Organic Chemistry, 1983
Organic Synthesis
Materials Laboratory

Ph.D., Physics, 1960
Superconductivity
Rome Air Development Center

Ph.D., Chemical Eng., 1972
Chemical Engineering Process
Rome Air Development Center

Ph.D., Materials Science, 1978
Surface Sciences
Rome Air Development Center

Ph.D., Biology, 1979

Cell Biology

Harry G. Armstrong Aerospace
Medical Research Laboratory




—

NAME/ADDRESS DEGREE, SPECIALTY, LABORATORY ASSIGNED

Prof. Sharon T. Williams Degree: M.S., Biochemistry, 1981
Instructor Specialty: General Chemistry
Dept. of Chemistry Assigned: School of Aerospace Medicine

Southern University
Baton Rouge, LA 70813-2074
(504) 771-3990

Dr. Lawrence A. Witt Degree: Ph.D., Psychology, 1985
Assistant Professor Specialty: Industrial/Organ. Psychology
Dept. of Psychology Assiqgned: Human Resources Laboratory:
Western Illinois University Operations Training Division

Macomb, IL 61455
(309) 298-1593

Dr. Frank A. Witzmann Degree: Ph.D., Biology, 1981
Assistant Professor Specialty: Protein Analysis

Dept. of Biology Assigned: Harry G. Armstrong Aerospace
IUPUT - Columbus Medical Research Laboratory

4601 Central Avenue
Columbus, IN 47203
(812) 372-8266

Dr. William E. Wolfe Degree: Ph.D., Engineering, 1979
Associate Professor Specialty: Geotechnical Engineering
Dept. of Civil Engineering Assigned: Flight Dynamics Laboratory

Ohio State University
2070 Neil Avenue
Columbus, OH 43230
(614) 292-0790

Or. John R. Wright Degree: Ph.D., Chemistry, 1971
Professor Specialty: B8iochemistry
Dept. of Chem., Physical Sci. Assigned: School of Aerospace Medicine

Southeast Oklahoma State Univ.
Box 4181, Station A, SEQSU
Ourant, 0K 74701

(405) 924-0121

Prof. Wafa E. Yazigi Degree: M.S., Aeronautical Eng., 1986
Instructor Specialty: Solid Mechanics

Dept. of Mathematics Assigned: Armament Laboratory

Columbia Basin College

2600 N. 20th

Pasco, WA 99301
(509) 547-0511

xxvi




NAME/ADDRESS

Or. Lawrence F. Young
Associate Professor
Dept. of QA/IS, CBA
University of Cincinnati
ML 30

Cincinnati, OH 45220
(513) 475-7169

Or. Robert K. Young
Professor

Dept. of Psychology
University of Texas

Mezes 330, Psychology Dept.
Austin, TX 78713

(512) 471-9228

Dr. Juin S. Yu

Professor

Dept. of Mechanical Eng.
West Virginia Tech.
Montgomery, WV 25136
(304) 442-3248

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Oegree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xxvii

D.Sc., Industrial Eng., 1978
Industrial Engineering

Human Resources Laboratory:
Logistics & Human Factors Div.

Ph.D., Exp. Psychology, 1954
Experimental Psychology
Human Resources Laboratory:
Manpower & Personnel Division

Ph.D., Mechanical Eng., 1964
Thermofluid Transport
Aero Propulsion Laboratory




PARTICIPANT LABORATORY ASSIGNMENT
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C. PARTICIPANT LABORATORY ASSIGNMENT (Page 1)

1988 USAF/UES SUMMER FACULTY RESEARCH PROGRAM

AERO PROPULSION LABORATORY (AFWAL/APL)
(Wright-Patterson Air Force Base)

1. Bryan Becker 5. Wayne Eckerle

2 Mingking Chyu 6. David Mikolaitis

3. Jerry Clark 7. Douglas Talley

4 Derek Dunn-Rankin 8. Juin Yu
ARMAMENT LABORATORY (AD)

(Eglin Air Force Base)

1. Ibrahim Ahmad 5. Kwang Min

2 Stephen Dow 6. Joseph Molitoris

3. Manuel Huerta 7. Shawky Shamma

4 Anastas Lazaridis 8. Wafa Yazigi

HARRY G. ARMSTRONG AEROSPACE MEDICAL RESEARCH LABORATORY (AAMRL)
(wr1ght -Patterson AFB)
Praphulla Bajpai
Shankar Bale
Charles Covington
Barry Goettl
Robert Masingale

David Payne
Joseph Saliba
Sanford Singer
Andrew Whipple
0. Frank Witzmann

U‘\-DQN
— oo~

ARNOLD ENGINEERING DEVELOPMENT CENTER (AEDC)
(Arnold Air Force Base)
1. Eustace Dereniak 4. Manjit Jawa
2. William Grissom 5. Ahmad Vakili
3. Darrell Hoy

ASTRONAUTICS LABORATORY (AL)
Edwards Air Force Base)

1. Clarence Calder 5. Mark Norris

2 Phillip Christiansen 6. Jodye Selco

3. Susan Collins 7. Rameshwar Sharma

4 David Jensen 8. Trilochan Singh
AVIONICS LABORATORY (AFWAL/AL)

{Wright-Patterson Air Force Base)

1. Mike Burlakoff 5. Robert Li

2 Gerald Grams 6. Periasamy Rajan

3. David Hemmendinger 1. Panapakkam Ramamoorthy

4 Mohammad Karim 8. Mateen Rizki

EASTERN SPACE AND MISSILE CENTER (ESMC)
(Patrick Air Force Base)
1. Albert Heaney

XXix




ELECTRONIC SYSTEMS DIVISION (ESD)
(Hanscom Air Force Base)

1.
2.

C. PARTICIPANT LABORATORY ASSIGNMENT (Page 2)

George Bratton
John Daiphin

ENGINEERING AND SERVICES CENTER (ESC)

(Tyndall Air Force Base)

1.
2.
3.
4.

FLIGHT DYNAMICS LABORATORY (FDL)
(Wright-Patterson Air Force Base)

N W N ~

Wayne Charlie
David DeHeer
Deanna Durnford
Edward Greenwald

Larry Byrd
Karen Chou
Awatef Hamed
Yulian Kin
Augustus Morris

o ~wowm

“PoOooovo
. .

FRANK J. SEILER RESEARCH LABORATORY (FJSRL)
(USAF Academy)

1.
2.
3.
4.

Dan Bruss
Charles Bump
Richard Carlin
Michael McKee

GEOPHYSICS LABORATORY (AFGL)

(Hanscom Air Force Base)

N HWN =
e s o & o »

HUMAN RESOURCES LABORATORY (HRL)

Lucia Babcock
Stephen Baker
Pradip Bakshi
Reuben Benumof
Donald Collins
Michael Frantz

5.
6.
7

Neil Hutzler

William Mounfield
Richard Myers

Ramalingam Radhakrishnan

Nanda Mukherjee
James Sherwood
Kenneth Sobel
Patrick Sweeney
William Wolfe

Tammy Melton
Patricia Plummer
James Schmutz

Christopher Godfrey
Janet Kozyra

Irving Lipschitz
John McHugh
Himanshoo Navangul
Martin Patt

(Brooks, Williams, and Wright-Patterson Air Force Bases)
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ON OF TH OW FIE

TRANSFER IN A RECTANGULAR PASSAGE
WITH A TURBULATOR
by

Bryan R. Becker, Ph.D., P.E.

ABSTRACT

A detailed numerical study of the aerothermal mechanics within a
short straight section of a turbine blade internal cooling passage
with a single turbulator is described. The two dimensional,
transient, Reynolds averaged Navier Stokes, continuity and energy
equations are iterated to a steady state solution using the
MacCormack explicit predictor-corrector algorithm. Turbulence
closure is achieved through the use of the Baldwin-Lomax algebraic
two layer eddy viscosity model.

Axial distributions of local skin friction coefficient, local
Stanton number and local Nusselt number are given. Profiles of
velocity and temperature are preéented as well as contours of
streamfunction and temperature which display complex details of the
flow structure. It was found that the widely used Reynolds Analogy
greatly underpredicts the heat transfer rate as given by a direct
calculation using Fourier's law. Finally, the numerical results
are found to compare favorably to the experimental results
published by Han et al (1986).
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I. INTRODUCTION

Advanced gas turbine engines will be designed for higher thermal
efficiency and specific thrust which will necessitate higher
operating speeds, temperatures, and pressures. As a consequence,
the heat loads on the turbine blades will increase, which can
result in both high metal temperatures and thermal stress
concentrations due to severe thermal gradients. To reduce these
effects, cooling air is extracted from the compressor and is routed
through small rectangular cocling passages within the turbine
blades.

As shown in Figure 1, the cooling air enters the root of each
turbine blade and flows through complex, serpentine passages until
it exits through the blade's surface into the cavity surrounding
the turbine rotor-strator. Since the pressure drop, and thus the
mass flowrate, along these cooling passages is limited by the
pressure differential between the compressor and the turbine stage,
methods other than increased coolant flow, such as the introduction
of turbulators, must be used to enhance the heat transfer. These
turbulators or turbulence promoters, which consist of ribs
protruding from the walls of the internal cooling passages,
increase the turbulence level within the cooling air flow and thus
augment the rate of energy transfer from the turbine blade through
the cooling passage wall and into the cooling air flow. Thus, the
resulting coolant flows contain many complex phenomena which are
not adequately included in the current heat transfer design of
turbine blades. The detailed modeling of these flows is essential
to the accurate prediction of the distribution of the local heat
transfer coefficient along the cooling passages. Such prediction
is necessary to achieve a thermal design of these components which
incorporates efficient cooling and thereby alleviates the effects
of the increased heat load.

My research interests are in the area of computational fluid
dynamics and heat transfer. During my more than 10 years at the
Oak Ridge National Laboratory, I used both finite difference and

finite element techniques to analyze numerous thermal science
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problems which arose as a result of the Nation's nuclear/power
production effort administered by the Department of Energy (DOE).

These problems involved the modeling of the physical processes of
laminar and turbulent flow, heat transfer and thermodynamics. In
particular, as part of the DOE gas centrifuge uranium enrichment
program, I developed two Navier Stokes models of the rotating flow
field within the gas centrifuge: one using a Newton's method; the
other, an approximate factorization scheme.

This background contributed to my being assigned to the
Components Branch of the Aeropropulsion Laboratory, Air Force
Wright Aeronautical Laboratories during both the 1987 and 1988 SFRP
research periods.
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II. OBJECTIVES OF THE RESEARCH EFFORT

There have been numerous experimental and analytical studies of
the flow field and heat transfer within straight rectangular ducts
which simulate the flow within the internal cooling passages inside
a turbine blade. However, there remains work to be done in the
detailed modeling of the heat transfer and fluid flow processes
very near the fluid-solid interface. This paper reports on a two
dimensional modeling effort which begins to address this need.

During my tenure as a Summer Research Fellow in the 1987 Summer
Faculty Research Program (SFRP), I began modeling of the fluid flow
and heat transfer in a straight rectangular passage with a single
turbulence promoter. This work was completed and a technical paper
was written during the Spring 1968 term with funding by the 1987
Mini Grant Program. This paper, "A Numerical Simulation of the
Flow Field and Heat Transfer in a Rectangular Duct with a
Turbulator Using a Predictor-Corrector Algorithm," (AIAA-88-2903),
was presented at the AIAA/ASME/SAE/ASEE 24th Joint Propulsion
Conference, July 11-13, 1988 in Boston, MA [1]. A copy of this
AIAA paper is attached to this 1988 SFRP Final Report as an
Appendix.

This first objective of this 1988 SFRP research effort was to
modify the numerical model developed last summer by incorporating
true symmetry boundary conditions at the upper boundary of the

computational mesh:

%‘.‘.’:o (1)
for all dependent variables«# . The resulting numerical model was

then iterated to a well converged steady state solution.

The second objective was to develop a post processor program to
read and analyze the converged solution. After reading the
solution from an online data file, this post processor first
calculates the L2-Norm of the error in the solution. It then
generates a plot data set which contains the information necessary
to plot nondimensional velocity and temperature profiles. It then
calculates the axial distributions of the local skin friction,

local Stanton Number (via both Reynold's Analogy and Fourier's
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Law), as well as the local Nusselt Number scaled by McAdams-Dittus-
Boelter correlation for fully developed Nusselt Number in
rectangular ducts. Following these calculations, the post
processor appends the experimental data reported by J. C. Han et al
{2) and then generates data sets for plotting all of the above
mentioned gquantities as a function of distance along the duct.
This program then integrates both the calculated and the
experimental Nusselt numbers to determine axial average values of
these quantities. Finally, the post processor integrates the
velocity distribution throughout the computational mesh so as to
evaluate the streamfunction. It then writes a third plot data set
containing the information necessary for plotting contours of
streamfunction and nondimensional temperature.

The third and final objective of the 1988 SFRP research period
was to begin work on a numerical model of a rectangular passage
with four turbulators. The computational grid shown in Figures 2
and 3 was generated for this model. Figure 2 shows the entire
computational domain containing an entrance region, four
turbulators, and a downstream region. Figure 3 shows details of
the first ten rib heights of the mesh. It can be seen that the
grid is very fine near the lower boundary and in the vicinity of
the top of the rib. The MacCormack Predictor-Corrector algorithm
was modified to account for the boundaries of the four turbulator
surfaces. Every effort was made to accurately model the exact
conditions reported by Han et al [2]). At the close of the 1988
SFRP research period this model is still in the "development and
check-out" phase. It is intended that this work will be continued
at my university with funding from the Research Initiative Mini
Grant Program.

70-7




III. DISCUSSION OF RESULTS GENERATED BY THE
SIN (] OR M

As stated in Section II, the first objective of this summer's
research was to improve the single turbulator model which was
developed during the 1987 SFRP research period. This imporved
model was then iterated to a well converged solution which was
analyzed by the post processor developed during this 1988 SFRP
research period. The computational mesh used in the single

turbulator model is shown in Figure 4.

A. Convergence

Iteration towards the improved solution was begun by using the
earlier solution as an initial condition. The previous solution
was achieved after 100,000 iterations and then an additional
100,000 iterations were performed with the improved single
turbulator model. The convergence of the predictor-corrector
algorithm is measured by the L-2 norm of the change in the
normalized global solution vector. Typically, in the iteration to
a converged steady state solution, the value of this norm will drop
3 orders of magnitude from the initial conditions and then
oscillate about this reduced value, indicating that convergence has
been achieved [3]. 1In the earlier simulation, the value of this
norm decreased from 7.137 at the outset to 0.002662 after 50,000
iterations and oscillated near that value for the next 50,000
iterations. After the symmetry boundary condition was improved,
the solution was restarted and the norm dropped to less than 0.0008
within the first 50,000 iterations and continued to oscillate just
below that value for the final 50,000 iterations. This behavior is
typical of convergence to the steady state solution.

B. Streamfunctjon Contours

Streamfunction contours over the entire computational domain are
shown in Figure 5. As shown in this figqure, counterclockwise
vortices are present both upstream and downstream of the turbulator

rib. Reattachment of the large separated flow behind the
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turbulator occurs approximately nine to ten rib heights downstream
of the rib. Fiqure 6 shows the size of the counterrotating vortex
upstream of the rib. Figure 7 gives detail of the flow structure
atop the turbulator and shows the presence of a long thin
counterrotating vortex centered over the rib. Detail of the large
counterclockwise recirculation behind the turbulator is shown in
Figure 8. The dividing streamline departs from the rib near the
top corner. The small bubble located at the point where the rib
rejoins the horizontal surface indicates the presence of a small
clockwise rotating vortex at that juncture which is shown in Figure
9.

C. Te ature Contours

The flow field temperature distribution is shown in Figure 10.
Upstream of the turbulator, very little mixing is occurring as
indicated by the concentration of temperature contours near the
horizontal surface. The bulk of the approaching £luid is slightly
warmer than the free stream value, Te , @S indicated by the
uppermost contour which attaches at the front corner of the rib.
This slight warming is due to heat conduction from the hot
isothermal wall. Downstream of the rib, the turbulent mixing of
the fluid has greatly diffused the thermal energy upward, well
beyond the first rib height. The thickness of this warm air
region grows downstream of the turbulator. Just behind the rib,
the temperature distribution shown in Figure 11, reflects the
effects of the complex flow structure which exists there.

D. Velocity and Temperature Profiles

Figures 12 through 15 present profiles of u/uge and 7/Tes
plotted against Y/YMAX at 9 streamwise locations, X/H, where H is
the rib height. The profiles at X/H = 0.0 represent the specified
inflow boundary conditions.

At X/H = 3.0 and 4.0, the profiles display the development of the
momentum and thermal boundary layers. At X/H = 4.0, the horizontal
velocity is negative near the solid wall which indicates the

presence of the upstream recirculation zone shown in Figure 6.
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The locations, X/H = 5.0, 5.5, and 6.0, are at the front top
corner, midline and back top corner of the rib, respectively. At
X/H = 5.0, the horizontal velocity has increased dramatically near
the solid wall as the flow accelerates over the rib which results
in a corresponding decrease in flow field temperature since the
total energy of the flow must be preserved. By X/H = 5.5, the flow
has begun to decelerate with a corresponding increase in
temperature. At X/H = 6.0 these trends continue.

The streamwise locations, X/H = 7.0 and 10.0, are located at the
back bottom corner of the rib and at the midline of the large
recirculation bubble which exists downwind of the rib. The
temperature profiles show that the turbulent mixing behind the rib
has greatly diffused the energy from the hot solid wall to form a
warm air region which extends more than 1.0 rib height vertically
from the solid wall. The horizontal velocity profile is typical of
a recirculation zone with a negative upstream flow near the wall
changing to a positive downstream flow higher in the flow field.

The profiles at X/H = 20.0, demonstrate that both the momentum
and thermal boundary layers are reestablished downstream of the
recirculation bubble. However, comparison of these profiles to
those upstream of the turbulence promoter, show that the downstream
boundary la_‘r:xs are much thicker and well mixed, illustrating the
effects of the intense turbulent mixing caused by the flow over the
turbulence promoter.

E. 8ki jetio N
The axial distribution of the local skin friction, shown in
Fiqure 16, was calculated from the following equation:

Twall u(gﬂ) =(
' = -
¢ !p.u_2 ;p_u_’ (2)

The normal derivative of the horizontal velocity was evaluated at
the wall using a second order accurate three point difference
expression. The viscosity was determined as a function of
temperature at the wall. As shown in Figure 16, the skin friction
achieves a maximum at approximately X/H = 5.0 which corresponds to
the very steep velocity gradient near the wall as the flow
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accelerates over the rib. As mentioned earlier, this reduces the
temperature of the fluid near the wall which results in a steep
thermal gradient there and the high heat transfer rate displayed in
Figures 17 and 18,

The axial distribution of the local Stanton Number, given in
Piqure 17, was evaluated from the following equation using two
different methods:

Qvall

St = — —
- (3)
cp&i..u«.('l"u11 T,)

In the first method, the Reynolds Analogy was used, in which the
heat transfer rate is related to the skin friction as follows:

Stanton Number = !cé (4)
This method is widely used in turbomachinery calculations but these
calculations greatly underpredict the heat transfer rates measured
experimentally.

In the second method, Fourier's Conduction Law was used to
evaluate the heat transfer rate at the wall, Qwaia, which appears
in Equation (3):

%a11 = K (g%)y.o
(5)
In this calculation, the normal derivative of temperature at the
wall was calculated in a manner similar to that used for the normal
derivative of the horizontal velocity discussed above and the
thermal conductivity was evaluated as a function of temperature at
the wall.

In the convection heat transfer process, the enerqgy is first
transferred by conduction from the solid wall to the fluid
particles adjacent to the wall. These fluid particles are then
transported away from the solid wall by the bulk mixing of the
fluid which results in the diffusion of energy from the solid wall.
The basis for the Reynolds Analogy is the assumption that the same
mechanism is responsible for the exchange of 